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I. INTRODUCTION
Flavor-changing neutral current (FCNC) processes and charge-parity (CP) symmetry violation observed in the quark sector are known to be duly explained in the standard model (SM) framework via the quark mixing mechanism [1] . Nowadays, experimental searches of CP violation and FCNC's in the leptonic sector are among the most interesting problems in particle physics since they would eventually shed some light on the origin of mixing and masses of leptons. Actually, since LF violating processes originating from mixing of neutrinos are expected to occur at an unobservable small level [2, 3] , their observation would clearly indicate evidence for New Physics beyond the SM [4] .
In this paper, we study the LF violating processes that may occur in the production or decay of a neutral pseudoscalar meson P 0 due to the exchange of a neutral pseudoscalar Higgs boson (A 0 ).
To be more specific, we will focus on LF violation in all possible τ ± → l ± P 0 and P 0 → l + l ′− decay channels (l, l ′ are charged leptons) that are allowed by kinematics. Although our main focus is on LF violating processes, for the purposes of comparison we will also consider LF conserving decays of neutral heavy mesons by assuming that they are induced by the Higgs boson A 0 alone.
With the advent of B meson factories, large sets of τ lepton pairs have been accumulated by both BaBar and Belle experiments [5] allowing to improve previous bounds on flavor violating τ and B meson decays. We note also that the flavor violating decays of our interest have been studied in a large variety of New Physics models and using different approximations [6, 7] . A comprehensive set of bounds on R-parity violating couplings from these LFV decays were obtained in [8] . In this paper we study these decays in the framework of a general two Higgs doublet model type-III (2HDM-III) [9] which contains flavor violation via Yukawa interactions of the neutral Higgs bosons at the tree-level. In this paper we work in a type III 2HDM with four-texture Yukawa couplings, where the Yukawa matrices are assumed to be Hermitean, this implies that CP symmetry is respected by the Yukawa interactions of neutral Higgs bosons which largely simplifies the analysis since only the pseudoscalar Higgs boson contributes to the decay amplitudes of the processes under consideration. It is worth noticing that a restricted set of these τ decays were considered in Ref. [10] in the 2HDM-III but without assuming CP conservation.
This paper is organized as follows. In section 2, we provide the Yukawa interactions for the neutral Higgs bosons. In section 3, we derive the LFV effective four-fermion hamiltonian and we provide the numerical values of couplings relevant for our calculations. The formulae needed to evaluate the two-body decay rates are given in section 4; from a comparison with the experimental upper limits on branching fractions we derive the bounds on flavor violating couplings. Finally, in section 5, we present our conclusions.
II. FLAVOR VIOLATION IN THE 2HDM-III
All lepton flavor violating processes in the SM have vanishing decay probabilities at the tree level and even at 1-loop level they are completely negligible [2] and beyond the reach of present and planned experiments. Therefore, flavor violation at a level accessible to experiments can be expected only in the framework of New Physics scenarios. In this section we discuss the Yukawa couplings of fermions in the 2HDM-III which can induce flavor-changing neutral current processes both in the leptonic and quark sectors. We also provide numerical values of couplings that enter the hadronic matrix elements.
In the next subsections we shall derive the Yukawa interactions of the scalar (h 0 , H 0 ) and pseudoscalar (A 0 ) neutral Higgs bosons with the charged lepton and quark sectors of the 2HDM-III by assuming four-texture mass matrices [11, 12, 13] .
A. The charged lepton sector
The Yukawa lagrangian of the 2HDM-III for the charged lepton sector is given by:
where After spontaneous symmetry breaking the charged lepton mass matrix is given by,
Now we assume that both Yukawa matrices Y l 1 and Y l 2 have the four-texture form and are Hermitian; following the conventions of [14] , the lepton mass matrix is then written as:
such that whenB l → 0 one recovers the six-texture form. We will also consider the following Because of the Hermiticity condition, bothB l and A l are real parameters, while the phases Φ B,C of C l and B l , can be removed from the mass matrix M l by defining: M l = P †M l P , where
, and the mass matrixM l includes only the real parts of M l . The diagonalization ofM is then obtained by means of an orthogonal matrix O, such that the diagonal 
where α denotes the mixing angle which is used to define the physical mass eigenstates h 0 and H 0 in the CP-even Higgs sector,and tan β is the ratio of vacuum expectation values of the two Higgs doublets [15] . In the above expression, the terms proportional to δij corresponds to the modification of the 2HDM-II over the SM result, while the terms proportional toỸ l 2 denotes the new contribution from the 2HDM-III. Thus, the physical fermion-Higgs couplings respect CPinvariance, despite the fact that the Yukawa matrices include complex phases; this follows because of the Hermiticity conditions imposed on both Y l 1 and Y l 2 matrices. The correction terms to the lepton flavor conserving (LFC) and violating (LFV) couplings, depend on the rotated matrixỸ l
We can deriveỸ l 2 , by assuming that Y l 2 has a four-texture form, namely:
Since the orthogonal matrix that diagonalizes the real matrixM l with the four-texture form, has the form:
where
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The full expressions for the resulting entries of this matrix have a complicated form. To derive a convenient approximation, we will consider that the elements of the Yukawa matrix Y l 2 exhibit the same hierarchy as the full mass matrix, namely:
In order to keep the same hierarchy for the elements of the mass matrix, it is found that A must satisfy the condition (m 3 − m 2 ) ≤ A ≤ m 3 . Thus, we propose the following relation for A:
where z = m 2 /m 3 ≪ 1 and 0 ≤ β ≤ 1.
If we now introduce the dimensionless matrixχ, we get:
This expression differs from the usual Cheng-Sher Ansatz [16] not only because of the appearance of the complex phases, but also in the form of the real parts χ ij = |χ ij |.
If we expand in powers of z, the entries of the matrixχ become:
As it can be easily checked, the diagonal elementsχ ii are real and the phases appear in the off-diagonal elements; we note that these elements are not constrained by current low-energy phenomena. Furthermore the LFV couplings satisfy some relations, such as: |χ 23 | = |χ 13 |, which simplifies somehow the number of free parameters.
Finally, in order to perform phenomenological studies it is found convenient to rewrite the lagrangian given in Eq. (4) in terms of theχ ij 's as follows:
where, unlike the Cheng-Sher Ansatz,χ ij (i = j) are now complex parameters.
B. The quark sector
The Yukawa lagrangian for the quark fields in the 2HDM-III model is written as:
where Q L denote the doublet of left-handed quarks. Again, the specific choices for the Yukawa matrices Y 
to replace the Yukawa matrices in the rotated basis, we get the explicit form of the Yukawa couplings for the neutral Higgs bosons:
where d (respectively, u) stands for down-type (up-type) quarks.
In our discussion above, the flavor changing couplings are contained in the entriesχ f f ′ ; these dimensionless parameters are expected to be of order one or below and we will consider that the bounds obtained from data are significant if this turns out to be the case. In our calculations below, we will neglect the contributions ofχ f f in the flavor conserving vertices. Note that processes with flavor violation at both vertices, like τ → µK S or B 0 → eµ, are allowed to occur in our model.
However, we will not consider this type of decays because data allows to bound the product of flavor violating couplings and not these couplings themselves.
It is interesting to note that in the above version of the 2HDM-III, the assumption that the Yukawa matrices are Hermitean leads to CP conservation, and this implies that the scalar (pseudoscalar) Higgs bosons couple only to scalar (pseudoscalar) fermionic currents. This will greatly simplify the analysis of this paper since only the pseudoscalar Higgs boson will contribute to the decays of our interest.
III. EFFECTIVE HAMILTONIAN AND COUPLING CONSTANTS
The Feynman graphs corresponding to the two-body decays of our interest are mediated by a pseudoscalar Higgs boson A 0 and are shown in Figure 1 . In the local four-fermion approximation, which is valid for the energy scales involved in the decays under consideration, it is more convenient to work with the effective hamiltonian given by
where the coupling constants g Af f ′ can be easily identified from the interaction lagrangians given in eqs. (1) and (2). The above interaction hamiltonian allows us to cover all the cases for flavor violation at the lepton and quark vertices as studied this paper.
The relevant hadronic matrix elements that will enter in our calculations are the following:
where q, q ′ denote the quarks (q ′ = q only when flavor violation occurs at the meson vertex). Note that the h q P constants can be directly related to the usual pseudoscalar meson decay constants f P (namely, h P = f P m 2 P for all the cases except the π 0 , η, η ′ mesons). In this work we will use the isospin limit where m u = m d = 3.3 MeV. For the other quark masses we will use [17] : m s = 0.104, m c = 1.27, m b = 4.2 GeV. In our numerical evaluations, we will use the following values of the decay constants of the unflavored mesons [18] (here q = u, d):
Equivalently, we can use information on the pseudoscalar decay constants from Refs. [17, 19, 20, 21] :
The quark content of unflavored mesons are the following:
where η 8,1 denote the octet and singlet isoscalar mesons and θ P ≈ −20 • is the mixing angle of pseudoscalar mesons.
IV. FLAVOR VIOLATION IN PRODUCTION/DECAY OF P 0 MESONS
In this section we study the coupling of a pseudoscalar meson P 0 to a leptonic neutral current.
We consider that the flavor change can occur at either the hadronic or leptonic vertex. When we compare our results with the current experimental bounds on branching fractions, we derive the constraints on the relevant flavor changing Yukawa couplings of the A 0 Higgs boson.
The decay widths in the case of τ lepton decays are given by:
while the corresponding widths for meson decays are:
In the above expressions we have defined λ(x, y, z) = x 2 + y 2 + z 2 − 2xy − 2xz − 2yz.
The hadronic matrix elements required for our numerical evaluations are the following:
where the operator O is defined by O ≡ i g Aij q j γ 5 q i and the values of quark masses and decay constants were given in the previous section.
g Aij is the coupling of the Higgs neutral boson to a fermion pair ij and in our case are given as follows:
and
where l, l ′ = e, µ, τ ; u, u ′ = u, c, t; and
In order to derive the bounds on the New Physics couplings, we use the upper limits on the branching ratios reported by the PDG [17] . In Tables I, II and III, we show our results as upper bounds on the product of leptonic and quark couplings normalized to the square of the Higgs boson A 0 for τ lepton and pseudoscalar meson decays. These expressions look rather long, but they can be useful to easily implement future updates. Tables I and II contain the upper bounds   on LFV couplings, while Table III Using the definitions of the effective couplings g Af f ′ and the approximations noticed in section II we can translate the bounds shown in Tables I-III on the dimensionless couplingsχ f f ′ . As we mentioned before, we will say that a constraint is significant if these dimensionless couplings turn out to be smaller that unity. In Figures 2, 3, 4 we show the bounds on the Yukawa couplings χ eτ = |χ eτ |, χ µτ = |χ µτ |, χ eµ = |χ eµ |, as a function of tan β by taking m A 0 = 300 GeV, respectively.
As we have mentioned in section II, our imposition of the Hermiticity conditions on the fermion mass matrices which implies CP-conservation in the Yukawa sector allows us to derive bounds directly on the couplings of the pseudoscalar Higgs boson. As we observe in Figs. 2-4, these bounds become more restrictive when tan β increases. Conversely, these bounds are relaxed for Process BR (PDG 2008) [17] Upper limit Process BR (PDG 2008) [17] Upper limit increasing values of the A 0 Higgs boson mass because these bounds are proportional to m 2 A 0 . It is shown in Fig. 2 that the most restrictive bound on χ eτ is obtained from τ − → η ′ e − decay, where we obtain χ eτ < 134 for m A 0 = 300 GeV and tan β = 50. From Fig. 3 we observe that the most restrictive bound on χ µτ is obtained from τ − → ηµ − decay, with χ µτ < 6.68 for m A 0 = 300 GeV and tan β = 50. We recall here that χ eτ = χ µτ in the model under consideration [11, 12] . Process BR(PDG 2008) [17] Upper limit Table I ). Table I ).
In Figures 5-7 we show the bounds on the Yukawa couplings χ sb = |χ sb |, χ db = |χ db |, χ uc = |χ uc | as a function of tan β by taking m A 0 = 300 GeV, respectively. As it can be seen in Fig. 5 , the most restrictive bound on χ sb is obtained from B 0 s → µ − µ + decay, where we obtain χ sb < 1.40 × 10 −2 for m A 0 = 300 GeV and tan β = 50. We observe in Fig. 6 that the most Table II ).
restrictive bound on χ db is obtained from B 0 → µ − µ + decay, we obtain χ db < 4.01 × 10 −2 for m A 0 = 300 GeV and tan β = 50. We recall here that χ db = χ sb in the model under consideration.
Using the same input parameters for tan β and m A 0 , we observe in Fig. 7 that the most restrictive bound on χ uc is obtained from D 0 → µ − µ + decay, namely χ uc < O(10 3 ) which is indeed very poor. We should note that the upper bounds on the χ f f ′ quark couplings are rather conservative as long as the SM will also give a contribution via the usual quark mixing mechanism.
In the context of the same model used in this article, in Ref. [12] we have reported bounds on the χ sb coupling, which are of the same order of magnitude than those presented here. However, we want to point out that the upper bounds reported in the present work have been obtained by using processes which involve only A 0 -exchange contributions, while those reported in Ref. [12] have been gotten by using processes which involve h 0 -exchange contributions. Hence, our bounds depend only on tan β, while the bounds reported in Ref. [12] depend on both parameters, tan β and α.
Finally, we can compare processes involving flavor violation at one and the two vertices by taking the ratio of the R ll ′ ≡ Γ(P 0 → l + l ′− )/Γ(P 0 → l + l − ) decay rates (here l = l ′ ). This ratio is independent of the hadronic parameters and of the A 0 boson mass, actually mesons. Clearly, improved experimental upper limits on these decays by one or two orders of magnitude will produce significant bounds on the LF violating couplings. We have also considered LF conserving (but FCNC quark coupling) decays of neutral mesons. In this case we are able to find very significant constraints on the flavor-changing quark couplings under the conservative assumption that the SM contribution is negligible. In particular, we find χ sb < 1.40 × 10 −2 and χ db < 4.01 × 10 −2 for the typical values m A 0 = 300 GeV and tan β = 50. We thus conclude that neutral pseudoscalar mesons produced in τ lepton two-body decays and their decays to charged lepton pairs, provide information on the flavor-violating couplings that is complementary to the ones from the CP-even Higgs bosons.
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